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HYBRID-COMPOSITE BEAMS
What a Hybrid-Composite Beam is:
• Highly Efficient Reinforced Concrete Beam
• Tied-Arch in a Fiberglass Box
• A Structural Member that utilizes Several Different Building Materials
in an Embodiment that Exploits the Advantages of Each Material
• Fundamentally Simple Structure with Inherently Redundant Qualities
What a Hybrid-Composite Beam is not:
• The Hybrid-Composite Beam IS NOT a Plastic Structural Member!!!
Virtually all of the Strength and Stiffness of the beam are derived
from Concrete and High Strength (360 ksi)Steel – Hardwire®

HYBRID-COMPOSITE BEAMS
U.S. Patent No. 6,145,270

GENERAL OVERVIEW
In the advent of structural engineering, it became
evident that by placing blocks of stone sequentially
along a circular curve, it was possible to create a
structure that would span a great distance.
Centuries later, iron and steel made it possible to
span greater distances with much lighter structures.
Throughout
history
engineers
have sought
to find
creative
solutions to
facilitate a means to an end. This has often led to
experimentation with hybrid structures that utilize
more than one type of building material to
comprise a structural member. It is this same
curiosity that has led to the development of a
structural member comprised of several building
materials, each with unique performance

by a more efficient use of materials that are well
suited to purely axial tension or compression.
The beams are manufactured using a closed-mold,
Vacuum Assisted Resin Transfer Method (VARTM).
In this process, the preforms that include; glass
fabrics, steel reinforcement and a low density foam
core are all placed inside of a simple, inexpensive,
reusable steel mold. Once the preforms are in
place, the mold is sealed and vacuum pressure
applied to evacuate all of the air. While
maintaining vacuum pressure at 1 atmosphere, a
vinyl ester resin is pulled into the mold to wet-out
the preforms and consolidate the glass, foam and
resin into a monolithic unit. The entire process for
the fabrication of a beam takes less than five hours.
The beam can be removed from the mold within
hours of infusion.
In its most simplistic embodiment, the beams are
simply supported and the profile of the compression
reinforcement follows a perfect parabolic shape,
emulating the funicular shape of the applied dead

characteristics.
The Hybrid-Composite Beam is comprised of three
main sub-components that are a shell, compression
reinforcement and tension reinforcement. The
compression reinforcement consists of SCC
concrete which is pumped into a profiled conduit
within the beam shell. The tension reinforcement
consists of prestressing steel which runs along the
bottom flange. Whereas FRP materials are
generally too expensive and too flexible when
arranged in a homogeneous form, the strength and
stiffness of the Hybrid-Composite Beam is provided

load and live load envelope and drastically
reducing the shear carried in the FRP webs. In this
simplest embodiment, the beam essentially functions
like a tied-arch, in a glass box. The same
technology can be employed to manufacture beams

with variable depths or widths. The beams can also

structural system. In very general terms, the HCB is

be easily made continuous over several supports

much more analogous to a reinforced concrete

with simplistic splicing technology using the same

beam than it is an FRP structural element. In fact

materials and manufacturing processes.

preliminary design of the beams can be performed
using the same simple equations as for reinforced
concrete where the depth of the arch is equal to

WHY IS THIS PRODUCT SPECIAL OR UNIQUE?

Whitney’s equivalent stress block. The beams can

For years, engineers have been trying to find ways

also be made composite with a reinforced concrete

to utilize fiber reinforced plastics (FRP’s) in structural

deck.

members to enhance the life-cycle costs of
transportation infrastructure projects. These

THE SIMPLE ADVANTAGES OF THE HYBRIDCOMPOSITE BEAM
SIMPLICITY OF DESIGN
The structural behavior of the Hybrid-Composite
Beam is founded on the fundamental principals of
the classic arch shape. Although contained in a
fiber reinforced plastic shell, nearly all the strength
and stiffness of the beam is provided by
conventional steel and concrete. The bending

materials do possess distinct advantages with

behavior is analogous to an optimized reinforced

respect to corrosion resistance. They also exhibit

concrete beam, whereby all of the unnecessary

tremendous load carrying capacities with respect to

concrete has been removed. The ultimate capacity

their ultimate strength, whether utilizing glass or

can be predicted through simple calculations using

carbon fibers. Unfortunately, these materials have

force equilibrium, with virtually no knowledge of

very low stiffness qualities in a composite laminate.
As a result, once enough FRP material is provided
to satisfy serviceability limit states, i.e. live load
deflections, there is generally a substantial factor of
safety against the strength limit states. This disparity
between strength and serviceability does not come
without significant cost. Because the HybridComposite Beam uses less expensive materials, i.e.
concrete and steel, to provide over 90% of the
strength and stiffness of the beam, the FRP

fiber reinforced plastics. Designs can easily be

component can be minimized, resulting in a beam

tabulated based on standard dimensions similar to

that is much more cost-effective than a pure FRP

prestressed concrete girders.

SIMPLICITY IN FABRICATION

•Insulation for Stray Currents & Magnetic Fields

The beams are fabricated using a simple closed-

•Excellent Corrosion Resistance lending to better

mold VARTM process that requires minimum
investment in tooling that can be reused
extensively. All of the materials utilized are
common off-

life-cycle costs
•Greater Inherent Redundancy than Steel or
Concrete
•Simplicity in Design, Fabrication and Erection

the-shelf items
that are easily
processed and
laid up in the
tooling. The
beams can
easily be mass produced with minimal man-power
requirements. The fast cure time of the resins
permit fabrication of one beam per day in each

In addition to the benefits listed and depending on

mold without skilled labor.

job specific parameters, the Hybrid-Composite
Beams can, in some circumstances, offer initial

SIMPLICITY IN ERECTION

cost savings over conventional precast or steel

In the final embodiment of a bridge, the Hybrid-

beams. The Hybrid-Composite Beam offers a

Composite Beams can be erected in the same

practical and sensible alternative to conventional

manner as prestressed concrete or steel beams,

bridging materials while employing an

but with smaller equipment because of the lighter

embodiment of high-quality materials that will

weight. The spacing of the beams in a highway

preclude the types of long-term degradation that

bridge is similar to the beam spacings of

can be detrimental to other structural members,

conventional materials. For railroad applications,

e.g. rust, fatigue, fracture, spalling, etc.

the beams are placed side by side. A simple
reinforced concrete deck is easily cast on top of
the erected
girders, in the
same manner
as conventional
beams.

BENEFITS OF THE HYBRID-COMPOSITE BEAM
•Lighter Weight for Reduced Erection Time & Cost
•Optimization of Every Material Utilized
•Resilient Materials with High Energy Absorption
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